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DNA Methylation in Rat Li ver by Daminozide, 1, 1-Dimethylhydrazine, and Dimethylnitros-
amine. SAGELSDORFF, P., LUTZ, W. K., AND ScHLAITER C. (1988). Fundam. Appl. Toxico/. 
11, 723-730. [methyP4C]Daminozide (succinic acid 2',2'-dimethylhydrazide; 37 mgjkg), l,l-
(14C]dimethylhydrazine (UDMH; 19 mgtkg), and (14C]dimethylnitrosamine (DMNA; 0.1 mg/ 
kg) were administered by oral gavage to male Sprague-Dawley rats. After 24 hr, the animals were 
killed and DNA was purified from the livers to constant specific radioactivity. After enzymatic 
degradation of the DNA to the 3'-deoxynucleotides the Ievel of DNA methylation was deter-
mined by HPLC analysis. Radiolabeled 7-methylguanine (7mG) was identified by cochromatog-
raphy with unlabeled 7mG added as standard after acidic depurination of DNA and HPLC 
analysis ofpurines and apurinic acid. All three compounds were found to methylate DNA. The 
relative potencies were 1:47:4900 for daminozide:UDMH:DMNA. With [methyPH]UDMH, 
the formation of7mG was investigated as a function of dose administered, at 20, 2, and 0.2 mgj 
kg. The methylation ofDNA was strictly proportional to the dose. The data were used to com-
pare the Ievel of DNA alkylation derived from residues of daminozide and UDMH in treated 
apple with the genotoxicity of the intake of N-nitroso compounds in Germany and Japan. It is 
estimated that these residues could Iead to a DNA methylation in the Ii ver of about 6% of an 
average exposure to DMNA. © 1988 Society ofToxicology. 
Daminozide (succinic acid 2'-2'-dimethylhy-
drazide; trade name of formulation: Alar) is 
a plant growth regulator used in fruit and 
flower culture. Degradation of the parent 
compound in the fruits as weil as in mam-
mals may, under certain conditions, yield 
1, 1-dimethylhydrazine (unsymmetrical di-
methylhydrazine, UDMH). The tumorigenic 
potential ofvarious substituted hydrazine de-
rivatives has been investigated, almost exclu-
sively in one laboratory. Both daminozide 
(2% in drinking water; Toth et al., 1977) and 
UDMH (0.01% in drinking water; Toth, 
1973) have been reported to induce angiosar-
comas in mice in various organs, as weil as 
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tumors of the lungs, kidneys, and, for 
UDMH only, the liver. The studies are 
difficult to evaluate properly, however, be-
cause of the high toxicity of the treatments 
(23 and 8% survival at 70 weeks). Since dami-
nozide was much less potent than UDMH 
(by a factor of about 200}, it is possible that 
UDMH formed as a metabolite might be re-
sponsible for the effects induced by damino-
zide. In rats, UDMH was a very weak liver 
carcinogen, producing tumors only late in 
life. It was at least two orders of magnitude 
less potent than dimethylnitrosamine 
(DMNA) (Druckrey et al., 1967). 
The putative mechanism of a tumor induc-
tion by UDMH might involve DNA methyl-
ation, in analogy to the mode of action of 
the potent carcinogen 1 ,2-dimethylhydrazine 
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(symmetrical dimethylhydrazine, SDMH) 
(Lewis and Swenberg, 1983). Oxidative de-
methylation ofUDMH can, in principle, Iead 
to the same metabolic intermediates, so that 
a methylation ofDNA by UDMH cannot be 
excluded. 
The data obtained from in vitro tests on the 
genotoxicity of alkylhydrazines do not corre-
late with carcinogenicity (Kier et al., 1986), 
probably because the activation to the ulti-
mate electrophiles does not proceed quantita-
tively. It was therefore the aim ofthis study 
to measure the methylating potency of dami-
nozide and UDMH in vivo. Using the 
methyl-radiolabeled compounds, it was 
tested to what extent daminozide and 
UDMH methylate liver DNA in male 
Sprague-Dawley rats after oral administra-
tion. The results were used to estimate the 
Ievel of DNA methylation induced by resi-
dues of daminozide and UDMH in fruits, 
and the DNA alkylation was compared with 
that arising from an average intake of dimeth-
ylnitrosamine (DMNA) with foods (Preuss-
mann and Eisenbrand, 1984). 
MATERIALS AND METHODS 
Test compounds. The radiolabeled test compounds 
daminozide, UDMH, and DMNA were obtained from 
Chemsyn Science Labs., Lenexa. Kansas. The radio-
chemical purity of [methy/-14C]daminozide (20.35 mCi/ 
mmol) was 97 .3%, as determined by HPLC on a Lichro-
sorb RP18 (7 ~m) column (4 X 250 mm), eluting at a 
· ßow of 1.5 ml/min wjth 65 parts MeOH and 35 parts 
0.1% (w/v) aqueous SDS solution containing 0.1% (v/v) 
formic acid. Fractions of 1 min were collected and 
counted for radioactivity after the addition of 10 ml In-
sta-Ge) (Packard). The retention time for daminozide 
was 6 min. The radiochemical purities of [methy!-' 4C]-
UDMH (17.3 mCi/mmol), [methyl-14C]DMNA (17.3 
mCi/mmol), and [methyl-3H]DMNA (10.8 Cijmmol) 
were determined by HPLC on a Lichrosorb RP 18 (7 ~m) 
column (4 X 250 mm) eluting at a flow of 1.5 mlfmin, 
with a linear gradient over 15 min of 10-50% methanol 
in 50 mM sodium phosphate buffer, pH 3.5, containing 
I 0 mM octanesulfonic acid. The retention times were 
3 and 9 min for DMNA and UDMH, respectively. The 
radiochemical purities were 99.8, 95.9, and 90% 
for [methy/- 14C]UDMH, [methyl- 14C), and [methyl-
3H]DMNA; no DMNA contamination could be detected 
in [methy/-'4C]UDMH at a limit ofdetection of0.006% 
[methyi- 14C]DMNA. The initial radiochemical purity of 
(methyl-3H]VDMH (10 Ci/mmol) was 76%. This com-
pound was purified before use by HPLC on a Partisil 10 
SCX (250 X 4 mm) column followed by a Partisil5 ODS 
3 (250 X 4 mm) column (Whatman, NJ). eluting at a flow 
of 1.5 ml/min with a linear gradient over 20 min from 5 
mM HCOOH/NH3 , pH 3.6, to 300 mM HCOOH/NH3 , 
50% methanol~ pH 3.6. The retention times were 9 and 
28 min for DMNA and UDMH, respectively. The frac-
tions containing UDMH were pooled and lyophilized. 
The radiochemical purity of the purified [methyPH]-
VDMH was 97.7% and contained less than 0.05% 
[ methyl-3H]DMNA. 
Anima/s. Male Sprague-Dawley rats [Iva:SIV-50.SD] 
were obtained at weights of about 150 g from Ivanovas, 
Kissleg, FRG. They were held four per macrolone cage 
on sawdust for 1 week for accJimatization. They were fed 
Haltungsdiät ''A" No. 343, Klingental Mühle AG. Kais-
eraugst, Switzerland a'd libttum and had free access to tap 
water. 
Treatments. The rats received the labeled test com-
pounds in about 1 ml 0.01 N HCI by oral gavage. [methy/-
3H]UDMH was diluted with unlabeled UDMH (Huka 
AG, Buchs, Switzerland) to the appropriate doses. The 
precise dose given to each individual animal was deter-
mined on the basis ofthe weight difference ofthe syringe 
before and after oral gavage. The values are listed in the 
tables. Animals receiving the 14C Iabel were placed in 
glass metabolism cages and the exhaled air was trapped 
with ethanolaminejmethanol ( 1 + 4 vol) to collect ex-
pired 14C02. 
I so/ation of chromatin. Twenty-four hours after the ad-
ministration, the animals were k.illed by open heart punc-
ture under ether anesthesia. The livers were excised and 
homogenized in a Teflon Potter-Elvehjem-type homog-
enizer at 4°C. Chromatin was prepared according to Sa-
gelsdorff et a/. ( 1983), essentially by precipitation with 
the nonionic detergent Nonidet-P40 (BDH Chemieals 
Ltd., Poole BH 12 4NN, England). This pellet, containing 
about 2-3 mg DNA and 20-30 mg protein per gram 
Ii ver, was washed until the suspension contained < 1 #'Ci 
total radioactivity in order to remove the majority of 
noncovalently bound radioactivity. 
Isolation oj DNA. These steps were perfonned accord-
ingtoSagelsdorff et al. (1983). Essentially, thechromatin 
pellet was homogenized in a Waring biender in 25 m1 
lysing medium (1% (w/v) SOS, 10 mM EDTA, 8 M urea 
in 0.24 M sodium phosphate, pH 6.8). Protein was ex-
tracted from the homogenate with chloroform/isoamy1 
alcohol/pheno) (CIP), phenolwas removed with diethyl-
ether, and the DNA was purified by adsorption on a hy-
droxylapatite column, dialysis, and precipitation with 
ethanol. The highly purified DNA (mostly double 
stranded, less than 0.2% protein, as shown with radiola-
beled amino acid incorporation [Caviezel et al .. 1984]) 
was dissolved in a 20 mM sodium succinate buffer, con-
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taining 8 mM CaCh, pH 6.0. The amount of DNA was 
determined by assuming an absorbance of 20 at 260 nm 
for a solution of 1 mg DNA/ml. Scintillation counting 
(Packard scintillation counter Tricarb 460 CD} was per-
formed on an aliquot ofthe DNA solution after addition 
of I 0 ml lnsta-Gel. 
Repetitive purification of DNA. The remaining DNA 
solutionwas mixed with 25 mllysing medium, extracted 
twice with CIP and ether, and dialyzed and precipitated 
with ethanol. The DNA was again dissolved in a 20 mM 
sodium Succinate buffer, containing 8 mM CaCh, pH 6.0, 
and the specific activity of DNA was determined as de-
scribed above. 
Isolation ofchromatinprotein. Chromatinprotein was 
precipitated with acetone from the first OP extract (see 
above) and redissolved in 1% (w/v) aqueous SDS. The 
precipitation and redissolving steps were repeated five 
times. The last solution was diluted to 0.1% SDS and 1 
ml was used for the scintillation counting. The amount 
ofprotein was detennined with the Folio reagent. 
Control experiments. (No. l: Background radioactiv-
ity) DNA was isolated from an untreated animal. The 
radioactivity count-upon comparison with historical 
controls-was used to show that the workup ofthe DNA 
samples was performed without extemal contamination 
with radiolabels. (No. 2: Binding in vitro) The chromatin 
pellet isolated from the liver of an untreated rat was incu~ 
bated for 15 min at 4oC with the radiolabeled supernatant 
from the first chromatin precipitation step of the DNA 
preparation from a treated anirnal. This allowed a check 
of whether radiolabet could contarninate DNA during 
the process of DNA isolation. 
Analysis of DNA nucleotides. DNA (0.1-1.3 mg) in I 
ml 20 mM sodium succinate buffer, containing 8 mM 
CaCh, pH 6.0, was digested enzymatically with 2.5 units 
micrococcal endonuclease (Sigma, St. Louis, MO; No. 
N3755; EC 3.1.31.1.) and 0.05 units calf spieen ex-
onuclease (Boehringer-Mannheim, Rotkreuz. CH; No. 
108 251; EC 3.1.16.1) for 16 hr at 37°C. The resulting 
nucleotide mixturewas separated by HPLC on a Lichro-
sorb RP 18 ( 10 J.LID) column (8 X 250 mm), eluting at a 
flow of 3.5 ml/min with 50 mM sodium phosphate buffer, 
pH 5.8, containing 3% methanol for 10 min, followed by 
a linear gradient to 100% methanol over 40 min. The 
absorbance was recorded at 254 nm. Fractions of 2 min 
were collected. The retention times for the natural de-
oxynucleotides, deoxycytidine-3'-monophosphate, de-
oxyguanosine-3'-monophosphate, thymidine-3'-mono-
phosphate, and deoxyadenosine-3'-monophosphate were 
at 4~ 7, 10, and 16 min~ respecti vely. The fractions which 
contained the normal nucleotides were pooled and con-
centrated to about 5 ml at 60oC on an aspirator vacuum. 
The amount of deoxynucleotide mixture was deter-
mined by uv spectroscopy, taking as a standard an absor-
bance of 35 at 260 nm for a solution containing 1 mg 
nucleotides/ml. Scintillation counting was performed af-
ter the addition of 10 mllnsta..Qel. The background ra-
dioactivity was determined by analyzing an inactive 
DNA digest. The standard deviation for each fraction 
was determined on the basis of 17 nucleotide anaiyses of 
control DNA hydrolysates. The standard deviation of a 
sample containing little radioactivity was assumed to be 
equal to the standard deviation of the background sam-
ples. The Iimit of detection for radioactivity in a fraction 
was then calculated on the basis of2 SD. 
Analysis of DNA purines. DNA (0.1-1 mg) in 1.5 ml 
20 mM sodium succinate buffer, containing 8 mM CaCh. 
pH 6.0, was hydrolyzed chemically with 150 IJ.ll.O N HCI 
for 1 hr at 70oC. After neutralization with 150 J.Ll 1 N 
NaOH and addition of 100 J.Ll unlabeled 7 -methylgua-
nine (0.05 mgjml), the resulting mixture of purines and 
apurinic DNA was separated by HPLC on a pBondapack 
Cl8 (10 J.LID) column (7.8 X 300 mm} elutingata flow of 
3.5 ml/min 10 mM ammonium phosphate buffer, pH 
3.8, containing 1% methanol for 15 min, followed by a 
linear gradient to 100% methanol over 10 min. The ab-
sorbance was recorded at 254 nm. Fractions of 1 min 
were collected. The retention times for the purines gua-
nine, adenine, and 7-methylguanine were at 6, 9, and 13 
min, respectively. The apurinic DNA eluted with metha-
nol at 20 to 22 min. Scintillation counting was performed 
after the addition of l 0 ml Insta-GeL The background 
radioactivity was determined from an analysis of an un-
labeled DNA hydrolysate. The standard deviation was 
determined on the basis ofthe eight purine analyses from 
control DNA hydrolysates. The variability of a sample 
containing little radioactivity was assumed to be equal to 
the variability of the background samples. The Iimit of 
detection for radioactivity in a fraction was then calcu-
lated on the basis of2 SD. 
Calculations. In order to correct the Ievel of DNA 
methylations for the individual dose administered, an in-
dex value was defined. For the formation of 7-methyl-
guanine (7mG). the index, 7mGI, was defined as 
?mGI = IJ.mol7-methyl~uanine~mol DNA nucleotide 
mmol chemtcal apphed/kg body weight 
In the conversion of the radioactivity data to molar 
units, an average molecular weight of 309 was assumed 
for a mixture of nucleotides in DNA, and it was taken 
into account that the molecules investigated contain two 
equivalent methyl groups only one ofwhich was radiola-
beled 
7mGI = 2. dpm 7mG/mg D~A . 3.09 .lOs. 
dpm/kg body we1ght 
When using methyl-3H-1abeled compounds, a conver-
sion of radioactivity to methyl groups cannot be made 
because the tritium Iabel can partly be lost by tautomer 
formation at the hydrazone oxidation level (CH2=N-
NH2 ~ CH3-N==NH). Therefore, a comparison ofthe 
results of the 3H-labeled compounds was made at the 
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TABLEI 
RADIOACfiVITY AND LEVEL OF 7-METHYLGUANINE (7 mG) IN LIVER DNA ISOLATED FROMMALE SPRAGUE-
DAWLEY RATS, 24 hr AFTER ÜRAL ADMINISTRATION OF [ 14C]DAMINOZIDE, ( 14C]UDMH, AND (14C]DMNA 
Treatment Daminozide UDMH DMNA 
Chemical dose ( mg/kg) 36.8 36.5 15 23 0.1 0.1 
Radioactivity dose 
(dpm/kg) 1.0 X 1010 1.0 X 1010 9.8 X 109 1.5 X 1010 5.3 X 107 5.7 X 107 
DNA Ist purification 
Specific activity 
(dpmfmg) 168 146 7440 11,350 623 612 
DNA 2nd purification 
Specific activity 
(dpm/mg) 162 144 7380 10~920 614 621 
Levelof7mG 
(7mGI units)a 0.6 0.5 26 26 2790 2630 
Control data 
Crude chromatin 
protein ( dpm/mg) 620 440 4950 9050 134 109 
a On the basis ofpurine analysis by HPLC. For definitions, see calculations under Materialsand Methods. 
Ievel of the radioactivity data only and a tritium index 
was defined: 
3H . d _ dpm 
3H in 7mG/mg DNA 
m ex - dpm [3H]UDMH/kg body weight · 
RESULTS 
DNA Methylation in the Liver after Treat-
ment of Rats with Daminozide, UDMH, 
andDMNA 
DNA radioactivity. Radioactivity was 
clearly detectable in all DNA samples. The 
speciftc radioactivity of the DNA remained 
constant between the first and the second pu-
rification rounds of the DNA. The data are 
summarized in Table 1 for [ 14C]daminozide, 
e4C]UDMH, and r4C]DMNA. 
Radioactivity on the DNA isolated from 
an animal that has been treated with a radio-
labeled substance is not necessarily due to co-
valent interactions ofthe test compound with 
DNA, but could be derived from three addi-
tional sources: (i) Noncovalent interaction of 
the test compound with DNA. This is un-
likely because the respective control experi-
ments (No. 2) showed that this contribution 
was negligible (6 dpm/mg DNA for daminoz-
ide; 90 dpm/mg DNA for UDMH) compared 
with the DNA radioactivities in the treated 
animals. (ii) Cantamination of DNA with ra-
diolabeled protein. The interaction of dami-
nozide, UDMH, and DMNA or one of its ra-
diolabeled metabolites with chromatin pro-
tein resulted in specifi.c activities which were 
higher by a factor of less than 4 in protein 
than in DNA (last line in Table 1), sothat the 
protein contamination of the DNA (shown 
earlier to be <0.2% [Caviezel et al., 1984]) 
cannot have contributed substantially to the 
total DNA radioactivity. (iii) Biosynthetic in-
corporation of radioactivity into DNA and 
protein. This is a more likely source of a part 
of the observed DNA radioactivity if the 
compound or impurities administered are 
degraded to small molecules able to enter the 
pool ofnucleic acid (and protein) precursors. 
Such is obviously the case with compounds 
that are degraded to yield 14C02, because, for 
instance, the carbon No. 6 ofthe purine bases 
adenine and guanine is taken from a co2 
molecule. Of the radioactivity dose adminis-
tered, 1.3, 17, and 54% was exhaled within 24 
hr in the form of 14C02 after the administra-
tion of [14C]daminozide, [14C]UDMH, and 
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FIG. 1. HPLC elution profiles of deoxyribonucleotides 
obtained by enzymatic hydrolysis of DNA isolated from 
the liver of [ 1~]daminozide-, [14C]UDMH-, and [14C]-
DMNA-treated Sprague-Dawley rats. Top, absorbance 
profile ( corresponding to the daminozide run), represent-
ing the natural deoxyribonucleotide-3'-monophosphates 
in the order dCp, dGp, dTp, and dAp. The small peaks 
following dAp represent deoxyribonucleosides obtained 
from partialloss ofthe 3'-phosphate group from the nu-
cleotides. Charts 2 to 4, 14C activity in single fractions. 
( 14C]DMNA, respectively. Analysis ofnucle-
otides and purines will be described-below to 
show to what extent biosynthetic incorpora-
tion during DNA synthesis con~ributed to the 
total DNA radioactivity. 
HPLC analysis of the DNA constituents. 
Enzymatic degradation to the deoxyribo-
nucleotide-3'-monophosphates and separa-
tion of the four natural constituents dCp, 
dGp, Tp, and dAp by HPLC resulted in re-
producible elution profi.les; the natural de-
oxyribonucleotides were localized by their 
absorbance at 254 nm (Fig. 1: fractions 3 to 
9). The recovery ofnucleotides was 95-99%. 
Most radioactivity eluted together with the 
natural nucleotides (94, 96, and 58o/o for 
daminozide, UDMH, and DMNA, respec-
tively. The remaining radioactivity (6, 4, and 
42% for daminozide, UDMH, and DMNA, 
respectively) eluted later, in the region where 
the more lipophilic methylated nucleotides 
are expected to elute. 
Foridentification ofthe majormethylation 
product, DNA was depurinated and the re-
sulting purines were separated by HPLC (Fig. 
2). The recovery of radioactivity was 95-
l 02%, of which most cochromatographed 
with guanine, adenine, and with the apurinic 
acid. With [ 14C]daminozide, 6% of the radio-
activity cochromatographed with added 
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FIG. 2. HPLC elution profiles after depurination of 
liver DNA isolated from [14C]daminozide-, [14C]-
UDMH-, and [14C]DMNA-treated Sprague-Dawley 
. rats. Top, absorbance profile ( corresponding to the dami-
nozide run), representing (after the solvent peak) the pu-
rines G and A, 7 -methylguanine added as unlabeled stan-
dard, and the apurinic acid. Charts 2 to 4, 14C activity in 
single fractions. 
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7-methylguanine. With [14C]UDMH and 
[ 14C]DMNA the respective values were 4 and 
39%. These fractions determined for one spe-
cific methylated base, 7mG, are very close to 
the values determined by nucleotide analysis. 
This is compatible with the; expectation that 
7mG represents the major methylation prod-
uctin DNA. 
Level of DNA methylation. The results in-
dicate that most of the radioactivity deter-
mined on the DNA afteroral administration 
of the 14C-labeled daminozide and UDMH 
was due to biosynthetic incorporation of met-
abolic breakdown products of 14C-labeled 
compounds into DNA. Only about 6 and 4% 
ofthe radioactivity was due to methylation of 
DNA by daminozide and UDMH, respec-
tively. The respective figure for the positive 
control carcinogen [14C]DMNA was 39%. 
Expressed in the units of the 7-methylgua-
nine index, values of 0.55, 26, and 2700 re-
sulted for daminozide, UDMH, and DMNA 
(Table 1 ). This means that a theoretical single 
dose of l mmol compound per kilogr~m 
body weight would result in 0.55, 26, and 
2700 7-methylguanine molecules per 106 nu-
cleotides, under the assumption of a linear 
dose-binding relationship. 
Dose Dependence ofthe Methylation of DNA 
Since the dose of [14C)UDMH adminis-
tered was much higher than a potential hu-
man exposure it was considered important to 
investigate whether the formation ofthe ulti-
mate methylating agent is proportional to the 
dose at lower dose Ievels. A tritium Iabel was 
used because of the higher specific activity 
available, despite the possibility that this ra-
diolabel can be lost by tautomer formation 
at the hydrazone oxidation Ievel ( daminozide 
and UDMH only). Twenty-four hours after 
oral administration of 0.2, 2, and 20 mg/kg 
[3H]UDMH, all DNA samples were radiola-
beled (Table 2). The DNA was depurinated 
and the purines were separated by HPLC. 
With UDMH, 3-4% of the radioactivity 
eluted togetherwithadded unlabeled 7-meth-
ylguanine standard. When using [3H]DMNA 
as positive control, 63% of the radioactivity 
cochromatographed with 7 -methylguanine. 
The data were normalized to the individual 
dose administered by conversion to a 3H in-
dex = eH dpm in 7-methylguanine/mg 
DNA)/(dpm [3H]UDMH/kg body wt). Sim· 
ilarvalues, around 5 X 10-9, were obtainedat 
all dose Ievels, showing that the DNA methyl-
ation was strictly proportional to the dose 
over the entire dose range. With [3H]DMNA, 
the 3H indexwas 3.4 X 10-6, i.e., higher by a 
factor of about 700 as compared to that of 
[3H]UDMH. 
The mdiosynthesis of UDMH used DMNA 
as an intermediate. Because ofthe high DNA 
methylating activity of DMNA it was of 
prime importance to exclude the possibility 
that DMNA contamination in UDMH could 
have been responsible for the DNA methyla-
tion observed. The purity checks showed that 
the maximum Ievel of contamination was 
0.006% for the 14C-labeled compound and 
0.05% for [3H]UDMH. The DNA methylat-
ing potency ofDMNA was 100 times higher 
than that of UDMH based on the 14C data, 
with 3H, in terms of the tritium index, the 
difference was a factor of700. lt can therefore 
be excluded that DMNA contaminations in 
UDMH simulated a DNA methylation by 
UDMH. 
DISCUSSION 
The results indicate that the administra-
tion of [methy/-14C]daminozide and 1,1-
[ 1.4C]dimethylhydrazine result in the forma-
tion of 14C-labeled 7-methylguanine in rat 
liver DNA. Upon comparison with the stan-
dardcarcinogen dimethylnitrosamine, dami-
nozide is about 5000 times less effective, 
while UDMH is about 100 tim es weaker with 
respect to DNA methylation. These potency 
differences are in good agreement with the 
doses required to induce liver tumors by 
DMNA and UDMH (Druckrey et al., 1967). 
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TABLE2 
RADIOACTIVITY IN LI VER DNA AND 7-METHYLGUANINE lsoLA TEDFROMMALE SPRAGUE-DA WLEY RATS, 24 hr 
AFTER ORAL ADMINISTRATION OF (3H]UDMH AND [3H]DMNA 
Treatment UDMH DMNA 
Chemical dose 
(mgfkg) 19 20 2.1 2.0 0.2 0.2 0.0001 0.0002 
Radioactivity dose 
(dpm/kg) 
x to-9 3.9 4.2 4.4 4.1 3.8 3.7 0.036 0.053 
DNA 
(dpm/mg) 520 440 530 770 610 600 230 290 
{dpm [3H] in 
7mGpermg 
DNA) 22 19 21 26 19 19 n.d.b 183 
3H Index0 ·109 5.6 4.5 4.8 6.3 5.0 5.1 n.d. 3450 
a For definition, see calculations under Materials and Methods. 
bNodata. 
7·Methylguanine is the major methylation 
product if DNA is reacted with the methyldi-
azonium ion, but there is good evidence that 
DNA methylations other than at the 7 posi· 
tion of guanine are responsible for mutagene-
sis and carcinogenesis. For a comparison of 
the DNA methylation potency of damino-
zide and UDMH with DMNA, the present 
data on 7 mG can be used because all these 
compounds most probably form the same ul-
timate methylating agent and therefore pro-
duce a similar ratio ofuncritical to dangerous 
methylation products. It was also attempted 
to reach similar Ievels of total DNA meth-
ylations for all compounds by using lower 
doses of the more potent methylating agent 
DMNA. 
Below, we attempt to use the data obtained 
in this study with rats for a risk estimation in 
humans. For this purpose, it must be as-
sumed that human liver also contains the en-
zymes required for an activation of the com-
pounds to methylating intermediates. In ad-
dition, a linear extrapolation will be used to 
estimate the DNA alkylation at low doses. 
Theoretical considerations and experimental 
data indicate that the activation and inactiva-
tion processes governing the formation of 
DNA adducts do follow first-order kinetics in 
the low dose range (Lutz, 1987). 
DMNA is found in a variety offood items, 
especially meat products and beer. An esti-
mate of the average daily human intake in 
Germany was 0.6 f.Lg per person and day 
(Preussmann and Eisenbrand, 1984), corre-
sponding to 1.4 X 10-7 mmol·kg- 1 ·d-1 for a 
60-kg person. The Ievel offormation of7mG 
· induced by such a dosein liver DNA in the 
rat, 24 hr after the administration, can be esti-
mated by multiplying this dose with the 7mG 
index for DMNA, 2700, to give 3.8 X 1 o-4 
f.LIDOI 7mG/mol DNA nucleotides. 
A similar estimation could be made for 
daminozide and UDMH. Based on residue 
data derived from the Federal Register 
(1984), the following estimation can be 
made: In a daily portion of 300-g Alar-
treated apple assumed to contain 0.4 mg/kg 
daminozide and 0.008 mg/kg UDMH, 120 
f.Lg (7 .5 X 1 o-4 mmol) daminozide and 2.4 
f.L& ( 4.0 x 1 o-s mmol) UDMH are taken up. 
Expressed per kilogram body weight and 
multiplied with the 7mG index, 2.3 X 1 o-s 
f.Lmol 7mG/mol DNA nucleotides result for 
daminozide and UDMH tagether. This is 
lower than the DNA alkylation exerted by 
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an average DMNA exposure by a factor of 
about 17. Exposure .to daminozide and 
UDMH from other sources can be evalu-
ated in an analogous way. 
The exposure to other N-nitroso com-
pounds in the diet appears to be 10-50 tim es 
higher (Kawabata et al. 1984 ), on the order 
of 1 o-4 to I o-3 mmol per person and day in 
Japan. If it is assumed that these N-nitroso 
compounds are of equal genotoxic potency as 
DMNA, daminozide plus UDMH residues 
in 300 g treated apple would Iead to a DNA 
alkylation in the liver of 1/200 to 1/1000 of 
the environmental background exposure to 
N-nitroso genotoxins. 
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